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NEAR-OPTIMUM PROCEDURE FOR HALF-LIFE MEASURE hlliNl BY
HIGH-RESOLUTION GAMMA. RAY SPECTROMETRY

J L, PARKER

Lcs Alamos National Ldxmuory, Los Alamos, New Mexico H754S, IJSA

A near-optimum prcxx.dure for using high-rcsolu[ion ymy spcctrometry m measure [he

half-lives of appropriate y-ray -emitting-nuclides is prcscmed. Among W important poin[s of [he

procedr.uc arc k cmployrrwru of the reference source method for implicit conection oi pileup

and dcadtimc Iosscs; the use of full-energy peak-a.rca ratios as the fundamcnral measured

quami[ies; and continuous. high-rare dwa acquisi50n 10 obtain gcxd resuhs in J frwion oi J hd(-

IIfe If desired. Equations are given for estimating the precision of [hc compukd hidt-lives In

lerms of loud rncasuremcm We, number of spectral acquisitions, dnd tic precision oi peak-drwr

ratios. Results of l~Yb half-life memw,mcmcmsarc given as an example of the prmedure’s

;lpplicmion,

1. [ntroduct ion

I IIgh-rtso]uuon y-my spetmtwrwtry with germanium dc[cctors IS mw lrqucnll} IIW! I()

refine prcwously measured half -llfc virlucs i~)r ~pproprlalc y-ray -cmlning nm’lldc~, II ,lpp~,lr~

from rmmcndyputtllshcd work that wmc of !hc power A wivanmgcs of iurtomwxl t}lgh-

rcwduuon iyslcms arc often neglccwd In h:df-hic mcusurcmems. ‘l%erctorc, II wxms UWIIII I()

i)ifer J icw wggcsmris m ctlicicndy usc high-rcsdu[mr y-r~y spcmomd~ fiv w~.h

mc:wrcmcn[s, “Illc suggcsuons, ~kcn together, consunr[c wh~t IS thought 10 he J :ICW (q NInwn

prwcdure; most of them have ken used More In some form hu[ seem noi m have been uwd

[ogc[hcr M an lnwgrmed pmccdurc. They MC ?WtIL-UlUly useful for (kuIIIng rcwmddy prc~”lsc

.IIK! unlwmed hidf.llfe values m J frmmon I)!:1 hdf Ilfe M should JIM) he hclpi,ll In Impr(n IIIg

tx)~h [he Jwuriwy and preclwn (4’ mewured halt’. II(C VJIUCSm gcncwl.





i. ~, = -m + Ar (11

“I”tw hid(-llt’c Tu IS, ot L-mIrsc, obliuned from Tu = III Z/lu.

The mm caused m iu by :hc error In ~r IS gwcn IV

(: I

C)bvmusly, II is desirable for Ihe half Iifc of the rcfcrcncc .wurce to he grwmr thirn lhJ[ (1(

[hc measured nuchdc so [hat [he factor (J+%u) WIII be less lhan one. Usually :cfcrcnue mu;~”c~

can he tound for which the estimwcd error m kr IS w smiill r.lm. when mul[iphcd hy IhI~ Fm”[(v,

!he Influence on Au IS negl@dc.

1. . I{alf=l.ife Precision and ToIal %Ieasurement Time



WC ncx[ ccmsldcr the cswnmcd prmusmn of half-life VJJUCScomputed frnrn mun}- r;iiw

meawremmls. Ammx n rJtw measuremcn[s, Ie[ [he n count [ime:i he eqw.1, M ihcrn twg In JI

cqmd mtcnids, Jnd ICI [he I(XJI ln[em iIl Mwecn the Iwgtnnmg of the rh and [he heglnnlng IIt

[he IJM counts k .lI, Assume Jlso rhw L+e predIcIcd RSDS of Jll [he muos w approxlmii[cly

C+IJI md mdicmd by u(R ). II can then h! shown [hw

..— .-—
ui”l-1=12\Tln2jl-1..”.f[l {[in. Il,nl “.[n.’ln~ l)! ] UIRI .;)

ill 1’ 1 [1111”: rll
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4. Full-Energy Peak .%reas, PL’R, and Peak Stahili~ation



5-. Example: The Half-Life of 169Y b
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Tdde 2

Jleawrcments of f~~lf-life oi 16L)}’b
s>. or True Time/ \leas. \lcastired Predicted Reduced
Spcctm Spectrum Period [Ldf-life RSD Chi-Squw

(s) (1{1 Frac)* (d) (%)

5(M) ().110
5(X) 500 (). 110
5(M) 500” (),()93
50(1 500 0.093
4(-)2 5(K) ().()s6
500 0.110
416 &y) ().()92

Unweighed Av and Sample RSD(nC )
Sample RSD(%) of .Av
W’elgh[ed .Av and Predlctcd RSD([7 )

31.75
31.96
31,98
.31,77
31.76
31.89
~~).$

31,88

0.3? (),92
().35 ().9 1
().37 0.99
(),37 1.12
0,42 I .00
().32 0.99
().44 1.01

(),37
014
(), l-l

———
*}i L Frac means half-life fraction

cuses vcv nearly the expected friutmns cf points are within one, two, and !hree predicted

standard deviations of the fitted line. There is no obvious evidence in Table 2 or the dJta ph-xs 10

lnd]uate slgndicant bm In the final v;due of [he i@Yb half-life of 31.88 d with an estimtited RSD

~}f () I-lnc liowever, because this vtilue differs from that recently puMished in NCRP Repot-t

.So 5S by Jhout () 5~c [3], wmther measurement using somewhat longer acquisilicm pctiods I<

pl;mned m the near future,



[2] P. R. Bevington, Data Reduction and Error Arxilysis for the Physical S~’iences (llcGr~iw -

1+111,sew York, !969).

{3] ~~tionid Council on Radiation Protection w-id iftmsurements, “A Handbook of

Radioactivity Nfeasurements Procedures,” ~CRP Repon No. 58, Second Edition.

Bethesd&, Nlaryland, US ( 1985).
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